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(54) Continuously variable transmission 

(57) Continuously variable transmission, in particu- 
lar for a motor vehicle, at least provided with a primary 
pulley (1 ) with an input pulley shaft (7), a secondary pul- 
ley (2) with an output pulley shaft (8), a drive belt (9) 
positioned around the primary and secondary pulleys 
(1,2) and a transmission mechanism (30) which is con- 
structed in combination with a direct/neutral/reverse 
group and is positioned after the secondary pulley (2) 
and has at least two adjustable transmission ratios for 
forward drive. The primary pulley (1) with input pulley 
shaft (7) and the secondary pulley (2) with output pulley 
shaft (8) are each coupled via a gear group to, respec- 
tively, an input transmission shaft (13) and an output 
transmission shaft (17). The two transmission shafts 



(13,17) essentially lie in the extension of one another 
and the two pulleys (1 ,2) are located on either side of 
the axis line of the two transmission shafts (1 3,1 7). 

A hydraulic control circuit is installed which has at 
least a primary and a secondary control valve for con- 
trolling the pressures for the primary and the secondary 
pulley respectively. The transmission mechanism has at 
least two clutches (26,28) for the forward drive and a 
clutch (25) for the reverse drive. The hydraulic control 
circuit furthermore has two control valves for adjusting 
the said forward clutches. 
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Description 

The invention relates to a continuously variable 
transmission, in particular for a motor vehicle, at least 
provided with a primary pulley with an input pulley shaft, s 
a secondary pulley with an output pulley shaft, a drive 
belt positioned around the primary and secondary pul- 
leys and a transmission mechanism which is con- 
structed in combination with a direct/neutral/reverse 
group and is positioned after the secondary pulley and 10 
has at least two adjustable transmission ratios for for- 
ward drive. 

A transmission of this type is known and is used in 
particular for motor vehicles. With a transmission of this 
type the radial position of the drive belt between the pri- 15 
mary and secondary pulleys can be varied, the relation- 
ship between the two radial positions of the drive belt in 
the pulleys determining the transmission ratio. With this 
arrangement the range of possible transmission ratios is 
determined by the radial dimension of the pulleys and 20 
by the strength and durability of the drive belt In general 
as large as possible a range for the transmission ratios 
is desired when the transmission is used in motor vehi- 
cles. To this end a transmission of this type can also be 
provided with a separate transmission mechanism hav- 25 
ing at least two adjustable transmission ratios. In this 
way a transmission range of the drive belt/pulley combi- 
nation, which in itself is limited because of the limited 
dimensions thereof, can be increased by combining this 
with the at least two adjustable transmission ratios of 30 
the transmission mechanism. In this way a continuously 
variable transmission with a relatively large transmis- 
sion range is obtained in practice. 

With this arrangement the transmission mechanism 
is mounted in the drive direction after the secondary 35 
pulley; the adjustable transmission ratio of the transmis- 
sion mechanism (output revs : input revs) can advanta- 
geously be greater than one in order to prevent high 
drive belt revs, or can advantageously be less than one 
in order specifically to obtain high drive belt revs. A 40 
transmission mechanism of this type is provided with 
clutches which are adjustable, so that the desired trans- 
mission ratio of the transmission mechanism is adjusta- 
ble. 

In practice the said transmission mechanism is fre- 45 
quently constructed in combination with a DNR group 
(for adjustment of direct, neutral or reverse drive). 

Nevertheless, in practice it has been found that, 
partly as a result of the installation of the requisite 
hydraulic control circuit, a combination of this type is rel- so 
atively large, both in the radial and in the axial direction. 
In particular in the case of motor vehicles with rear 
wheel drive, this is a disadvantage because only a lim- 
ited radial installation space is available in such vehi- 
cles. 55 

The aim of the invention is to overcome the above- 
mentioned problems and to provide a continuously vari- 
able transmission, in particular for rear wheel drive of 
motor vehicles, which achieves an optimum transmis- 
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sion ratio, is of compact installation length, both radially 
and axially, and in which the hydraulic control circuit is 
incorporated in an efficient manner. 

According to the invention this is achieved with a 
continuously variable transmission of the type men- 
tioned in the preamble, in that the primary pulley with 
input pulley shaft and the secondary pulley with output 
pulley shaft are each coupled via a gear group to, 
respectively, an input transmission shaft and an output 
transmission shaft, wherein the two transmission shafts 
essentially lie in the extension of one another and the 
two pulleys are located on either side of the axis line of 
the two transmission shafts. 

The invention will be explained below with refer- 
ence to a few drawings, in which 

Figure 1 shows, diagrammatical ly, an embodiment 
of a continuously variable transmission according to 
the invention; 

Figure 2 shows a variogram of the transmission 
according to Figure 1 ; 

Figure 3 shows a perspective view of a transmis- 
sion mechanism according to Figure 1 constructed 
in combination with a DNR group, without clutches 
being drawn; and 

Figure 4 shows, diagrammatically, a possible 
embodiment of the control system for the compo- 
nents of the transmission shown in Figure 1 . 

The continuously variable transmission according 
to Figure 1 comprises a primary pulley 1, the discs 3 
and 4 of which are mounted on the pulley shaft 7, and a 
secondary pulley 2, the discs 5 and 6 of which are 
mounted on the pulley shaft 8. Disc 4 is axially displace- 
able over the pulley shaft 7 and disc 5 is axially dis- 
placeable over the pulley shaft 8. The radial position of 
the drive belt 9 in the pulleys 1 and 2 can be adjusted by 
an axial displacement of the discs 4 and 5. With this 
arrangement the relationship between the radial posi- 
tion of the drive belt in the secondary pulley 2 and the 
radial position of the drive belt 9 in the primary pulley 1 
determines the transmission ratio. It will be clear that 
the total range of possible transmission ratios is partly 
dependent on the radial dimension of the primary pulley 
1 and of the secondary pulley 2. In general, and in par- 
ticular when the continuously variable transmission is 
used in vehicles, as large as possible a transmission 
range is desirable on the one hand. On the other hand, 
especially in the case of applications in motor vehicles, 
only a limited installation space is available for the trans- 
mission. This applies in particular in the case of rear 
wheel drive vehicles, especially in respect of the instal- 
lation space in the radial direction. In the case of the 
transmission shown in Figure 1, however, a relatively 
large transmission range can be obtained with a limited 
radial installation space, and therefore a limited size of 
the pulley discs. 

The primary pulley shaft 7 is provided with a gear 
1 0 which engages with a gear 1 1 on the output shaft 1 3 
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of a torque converter 12. Said torque converter 12 is 
connected by the input shaft 14 thereof to a drive unit, 
which is not shown, for example the engine of a motor 
vehicle. 

The secondary pulley shaft 8 is provided with a 5 
gear 15 which engages with a gear 16 on the shaft 17. 
Said shaft 1 7 is part of the transmission mechanism 30 
according to the invention, which also comprises a gear 
27 and a clutch 28. As a result of the special spatial con- 
struction of the coupling of the pulley set 1, 2 on the 10 
input side by means of the gear set 10, 11 to the input 
transmission shaft 13 and on the output side by means 
of the gear set 15, 16 to the output transmission shaft 
1 7, which is in the extension of the input transmission 
shaft, a restricted size in the radial direction is obtained, is 

The gear or sun wheel 27 engages with one or 
more first planet gears 22 of a DNR (direct/neu- 
tral/reverse) unit 29 and the clutch 28 can connect the 
sun wheel 24 of the DNR unit 29 to the shaft 17 of the 
transmission mechanism. 20 

The DNR group 29 is used to adjust the direction of 
rotation of the output shaft 18 of the transmission in 
order to drive the vehicle forward (D), set it in neutral (N) 
or drive it in reverse (R). The DNR unit is a planetary 
gear train which, apart from the abovementioned first 25 
planet gear 22 and the sun wheel 24, comprises a sec- 
ond planet gear 20, a planet gear carrier 23 and an 
annulus gear 19. The sun wheel 24 can be locked to 
prevent rotation by means of a clutch 26 and the annu- 
lus gear 19 can be locked to prevent rotation by means 30 
of the clutch 25. The said clutches can each be a plate 
clutch. In this context the functioning of a planetary gear 
train is assumed to be known. 

The functioning of the transmission mechanism 30 
in combination with the DNR group will be explained 35 
below with reference to Figures 1 and 3: 

Neutral position 

In this position the clutches 25, 26 and 28 are dis- 
engaged (i.e. not locked), such that no rotation is 40 
transmitted from the input shaft to the planet gear 
carrier 23 and the output shaft 18. 
R position (reverse drive) 

In this position the (reverse) clutch 25 is engaged 
and the clutches 26 and 28 are disengaged. The 45 
input rotation is transmitted via the sun wheel 27 
and the first planet gear 22 to the second planet 
gear 20. Said gear will then unroll itself on the annu- 
lus gear 19. As a result the planet gear carrier 23 
and the output shaft 1 8 rotate in a direction counter so 
to that of the input shaft 1 7. 
D position (forward drive) 

In this position the (forward) clutch 28 is engaged 
and the clutches 25 and 26 are disengaged. As a 
result the sun wheel 27 and the sun wheel 24 are 55 
connected to one another. The first (long) planet 
gear 22 meshes with the sun wheel 27 and the sec- 
ond (short) planet gear 20, which meshes with the 
sun wheel 24. The consequence of this is that the 



planet gear carrier 23 and the output shaft 18 will 
start to rotate at the same revs (i.e. without deceler- 
ation (i.e. reduction) or acceleration) as shaft 17. 
The transmission ratio adjusted by means of the 
pulleys 1 and 2 with the drive belt 9 is consequently, 
with the exception of a possible reduction or accel- 
eration at the gear group 15-16, transmitted 
unchanged through the transmission mechanism 
30 and the DNR group 29. 
The reduction position 

In this position the clutch 26 is engaged and the 
clutches 25 and 28 are disengaged. The sun wheel 
24 is then locked. As a result, the second planet 
gear rolls round the sun wheel 24 and the planet 
carrier 23 and the output shaft 18 will acquire lower 
or higher revs. Although the term reduction is used 
below, it is self-evident that both reduced and 
increased revs can be obtained by use of a trans- 
mission mechanism suitable for this purpose. 

For given revs of the shaft 17, the revs obtained at 
the output shaft 18 in the reduction position will differ 
from those obtained in the D position. The use of both 
positions gives an increased range of transmission 
ratios. 

In this context reference is made to Figure 2, in 
which this is shown. In the diagram the input revs N in of 
the primary pulley shaft 7 are plotted on the abscissa 
and the output revs N out of the output shaft 18 are plot- 
ted on the ordinate. Line 31 shows the lowest transmis- 
sion ratio and line 32 the highest transmission ratio of 
the variator or pulley/belt combination 1, 2, 9 with the 
DNR group 29 in the D position. The region between 
lines 31 and 32 shows the range of possible transmis- 
sion ratios. This range is essentially determined by the 
radial dimensions of the discs 3, 4, 5 and 6. 

However, by use of the transmission mechanism 30 
a reduction can be obtained and a new limit to the vari- 
ogram is produced. In the reduction position, said limit is 
determined by line 33, which has the lowest transmis- 
sion ratio, and line 34, which has the highest transmis- 
sion ratio. The reducing effect of the gear 27 is 
responsible for this. By switching in a suitable manner 
between the D position and the reduction position, the 
entire region between the lines 32 and 33 can be uti- 
lised. It will be clear that the range of possible transmis- 
sion ratios is appreciably increased as a result. In this 
way it is nevertheless possible with a compact transmis- 
sion in the radial direction to obtain a relatively large 
range of possible transmission ratios. Incidentally, a rel- 
atively compact transmission in the axial direction is 
also obtained as a result of the construction used for the 
clutches amongst other components. 

The said control range for the transmission can be 
doubled by the transmission mechanism in a extreme 
case if the two speeds of the mechanism differ by a 
value which is exactly the same as the range of the var- 
iator (or greater, although the transmission then does 
not have a continuous range of adjustment). If this is not 
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the case, then, as is shown in Figure 2, there is an over- 
lap of the two variograms, each associated with one 
position of the transmission mechanism, and in the 
overlap region (region without hatching in Figure 2) it is 
possible to select one of two operating points for the 5 
variator. In which context, of course, the best must be 
chosen on the basis of, for example, belt wear, transmis- 
sion or engine efficiency, consumption, etc. 

The clutches are preferably so controlled that it is 
simple to switch from the one position to the other posi- 10 
tion, automatically or by a driver. In the case of auto- 
matic control, said switching can be effected from a 
control unit on the basis of a large number of operating 
variables. In particular, the clutches can be controlled 
such that slip occurs in the clutches rather than between 15 
the pulleys 1 , 2 and the belt 9. This prevents damage to 
the pulleys 1 , 2 and the belt. It is known to allow this 
preferential slip per se to occur in the torque converter. 
However, allowing said slip to occur in the transmission 
mechanism instead of in the torque converter has the 20 
advantage that torque shocks originating from the road 
surface can already be absorbed before they reach the 
variator. 

Instead of the reducing gear 27, it is also possible to 
use another, step-up configuration (i.e. with a higher 25 
transmission ratio greater than one and therefore higher 
output revs). The clutches 26 and 28 are positioned 
radially in line in such a way that a compact transmis- 
sion is obtained in the axial direction as well. 

It is highly advantageous to site the transmission 30 
mechanism after the variator; specifically 

the engine torque is transmitted directly (without 
amplification) through the variator and only then 
passes through the transmission mechanism, 35 
which, in the reduction position, does lower the revs 
but increases the torque. In other words, the range 
of the torque fed into the variator is smaller if the 
reduction takes place after the variator. If the trans- 
mission mechanism were to be sited before the var- 40 
iator, the variator would therefore have to transmit a 
higher torque, which is associated with high pinch- 
ing forces and consequently also greater losses, 
the presence of a clutch between the wheels and 
the variator is advantageous 45 

a) in the event of an emergency stop, because 
the variator is still able to rotate even when the 
wheels are stationary and it is therefore possi- 
ble to change down. Normally, the variator will so 
not change down rapidly enough before the 
vehicle has come to a standstill and it is there- 
fore necessary to drive off in a high gear 
instead of in low gear, 

b) when towing the car, because the variator 55 
can then be stationary, that is to say disen- 
gaged from the wheels. Normally the variator 
rotates together with the wheels and during 
towing a situation can arise in which no hydrau- 
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lie pressure, and consequently also no pinch- 
ing force, is available, with the result that the 
belt swings around as a result of centrifugal 
force and can become damaged. 

These advantages are not achievable with the 
torque converter alone because the latter by definition 
has to be sited directly after the engine. 

The hydraulic control system shown in Figure 4 
contains the elements needed to control the transmis- 
sion shown in Figure 1 . In principle, the control system 
consists of three groups, namely: 1) the control for 
adjustment of the pulleys 1 and 2; 2) the control for the 
clutches 25, 26 and 28 in the combined transmission 
and DNR group; and 3) the control for lock-up of the 
torque converter 12. 

1 . The control for adjustment of the pulleys 1 and 2. 

The flow produced by the pump 35 is adjusted by 
means of the so-called secondary control valve 36 to 
the desired secondary or line pressure. Said secondary 
pressure is applied to the displaceable disc 5 of the sec- 
ondary pulley 2 and determines the damping force 
exerted on the drive belt 9. Starting from the said sec- 
ondary pressure, a primary pressure is then set with the 
aid of the primary control valve 37. Said primary pres- 
sure is applied to the displaceable disc 4 of the primary 
pulley 1 and determines the radial position of the drive 
belt 9 in the two pulleys and, consequently, also the 
transmission ratio (ratio i) between the primary and sec- 
ondary shafts 7, 8. 

2. The control for the clutches 25, 26 and 28 in the com- 
bined transmission and DNR group. 

Starting from the said secondary pressure a 
desired auxiliary pressure at which the clutches 25, 26 
and 28 can be engaged or disengaged is set with the 
aid of the auxiliary control valve 38. The clutches can be 
disengaged by connecting them to the exhaust 39 
which, in itself, is connected to sump 45. Four operating 
positions (park, reverse, neutral and drive) can be 
selected for the transmission by means of the valve 40, 
which can be actuated via the manual gear lever. 

In the neutral and park positions the three said 
clutches are connected to the exhaust 39 and are thus 
disengaged. 

In the reverse position the reverse clutch 25 is 
engaged under the influence of the auxiliary pressure, 
whilst the forward clutches 26 and 28 are disengaged. 

In the (shown) drive position of the valve 40, the 
reverse clutch 25 is connected to the exhaust 39. At the 
same time one of the two forward clutches can be 
engaged (connected to the auxiliary pressure) and the 
other clutch can be disengaged (i.e. connected to the 
exhaust 39) with the aid of the control valves 41 and 42, 
or vice versa. The various features are such that either 
the abovementioned D position is engaged by means of 
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valve 42 or the said reduction position is engaged by 
means of valve 41 . 

The individual control valves 41 and 42, which are 
each controlled by a pressure regulator PR, for the two 
forward clutches make it possible (partially) to actuate 5 
said clutches 26, 28 at the same time. As a result 
changing between the two transmission ratios of the 
transmission mechanism can take place fluently and 
under torque. It is also possible to construct the two 
valves as a single valve with a single pressure regulator, 10 
which, however, results in a somewhat abrupt changeo- 
ver action and less fluent gear changing being obtained. 

3. The control for lock-up of the torque converter 12. 

15 

Valve 46 for the cooler/lock-up regulates the operat- 
ing status of the torque converter with the aid of the aux- 
iliary pressure and the lubricating pressure, said 
lubricating pressure being derived from the outlet from 
the secondary valve 36 by means of the lubricating 20 
pressure control valve 43. The cooler/lock-up valve 46 is 
an on/off valve which determines whether the cooler 47, 
which provides cooling for the hydraulic medium, is con- 
nected 

25 

to the torque converter 12 (position drawn); 
because if the torque converter is disengaged a lot 
of energy is dissipated and cooling is needed; or 
to the remainder of the hydraulic circuit. 

30 

If the pressure in line 49 is higher than the pressure 
in line 48, the torque converter functions. In the other 
case, when the pressure in line 49 is lower than the 
pressure in line 48, the torque converter is switched to 
the lock-up position. This is the position drawn, the pres- 35 
sure in line 48 being equal to the auxiliary pressure and 
the pressure in line 49 being the exhaust pressure con- 
nected to the sump 45. 

In normal operation, the valves 36, 37; 41, 42 are 
operated electronically, that is to say set with the aid of 40 
the associated pressure regulators PR (44). Said pres- 
sure regulators are connected to and are controlled by a 
central control unit 46, to which the operating variables 
of the transmission and of the motor vehicle are fed. 
Thus, one of said variables can be the current transmis- 45 
sion ratio of the drive belVpulley set. 

From the standpoint of comfort and transmission 
efficiency, changing between the two transmission 
ratios of the transmission mechanism must take place 
quickly but nevertheless fluently. To this end both the so 
engine speed and the vehicle speed must, in principle, 
be constant during changing. This can be achieved by 
means of an electronic control system which actuates 
the said control valves in a manner such that said valves 
are attuned to one another. 55 

Claims 

1 . Continuously variable transmission, in particular for 



a motor vehicle, at least provided with a primary 
pulley with an input pulley shaft, a secondary pulley 
with an output pulley shaft, a drive belt positioned 
around the primary and secondary pulleys and a 
transmission mechanism which is constructed in 
combination with a direct/neutral/ reverse group 
and is positioned after the secondary pulley and 
has at least two adjustable transmission ratios for 
forward drive, characterised in that the primary pul- 
ley with input pulley shaft and the secondary pulley 
with output pulley shaft are each coupled via a gear 
group to, respectively, an input transmission shaft 
and an output transmission shaft, wherein the two 
transmission shafts essentially lie in the extension 
of one another and the two pulleys are located on 
either side of the axis line of the two transmission 
shafts. 

2. Continuously variable transmission according to 
Claim 1 , further provided with a hydraulic control 
circuit containing at least one primary and one sec- 
ondary control valve for the control of primary and 
secondary pressures for, respectively, the primary 
and the secondary pulleys, wherein the transmis- 
sion mechanism has at least two clutches for the 
forward drive and one clutch for the reverse drive, 
and wherein the hydraulic control circuit further- 
more has two control valves for adjustment of the 
said forward dutches. 

3. Continuously variable transmission according to 
Claim 2, wherein the two forward clutches are con- 
structed as plate clutches and are positioned radi- 
ally in line. 

4. Continuously variable transmission according to 
Claim 2, provided with a valve essentially between 
the clutches of the transmission mechanism and 
the forward control valves, which valve is adjustable 
by means of the manual operating lever. 

5. Continuously variable transmission according to 
Claim 4, wherein the hydraulic control circuit con- 
tains an auxiliary control valve for adjusting the sec- 
ondary pressure to an auxiliary pressure, which is 
fed, both via the two control valves of the transmis- 
sion mechanism and directly, to the manual valve 
for the said clutches. 

6. Continuously variable transmission according to 
Claim 4, wherein the control valves (41 , 42) of the 
transmission mechanism are combined in a single 
control valve. 

7. Continuously variable transmission according to 
one of Claims 2 to 6, wherein the said control valves 
are each adjusted by a pressure regulator (PR) and 
wherein the pressure regulators are controlled by a 
central control unit. 
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Continuously variable transmission according to 
Claim 7, wherein the pressure regulators of the 
control valves of the transmission mechanism and 
the pressure regulators of the primary and second- 
ary control valves are controlled such that the for- 
ward clutch slips before the drive belt between the 
pulleys slips. 
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(54) Continuously variable transmission 

(57) Continuously variable transmission, in particu- 
lar for a motor vehicle, at least provided with a primary 
pulley (1) with an input pulley shaft (7), a secondary pul- 
ley (2) with an output pulley shaft (8), a drive belt (9) 
positioned around the primary and secondary pulleys 
(1 ,2) and a transmission mechanism (30) which is con- 
structed in combination with a direct/neutral/reverse 
group and is positioned after the secondary pulley (2) 
and has at least two adjustable transmission ratios for 
forward drive. The primary pulley (1) with input pulley 
shaft (7) and the secondary pulley (2) with output pulley 
shaft (8) are each coupled via a gear group to, respec- 
tively, an input transmission shaft (13) and an output 
transmission shaft (17). The two transmission shafts 
(13,17) essentially lie in the extension of one another 
and the two pulleys (1 ,2) are located on either side of 
the axis line of the two transmission shafts (13,17). 

A hydraulic control circuit is installed which has at 
least a primary and a secondary control valve for con- 
trolling the pressures for the primary and the secondary 
pulley respectively. The transmission mechanism has at 
least two clutches (26,28) for the forward drive and a 
clutch (25) for the reverse drive. The hydraulic control 
circuit furthermore has two control valves for adjusting 
the said forward clutches. 
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The present European patent application comprised at the time of filing more than ten claims. 

□ Only part of the claims have been paid within the prescribed time limit The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have 
been paid, namely claim(s): 



□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been drawn up for the first ten claims. 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



All further search fees have been paid within the fixed time limit. The present European search report has 
been drawn up for all claims. 



□ Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



□ None of the further search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned in the claims, namely claims: 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1,3 

Continously variable belt transmission combined whith a 
forward-reverse gearing, with coaxial input and output 
shafts. 



2. Claims: 2,4-8 

Continously variable belt transmission combined whith a 
forward-reverse gearing, with coaxial input and output 
shafts. 
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